Background & Aims-Previous studies reported that black vs white disparities in survival among elderly patients with colorectal cancer (CRC) were due to differences in tumor characteristics (tumor stage, grade, nodal status, and comorbidity) rather than differences in treatment. We sought to determine the sequential contribution of differences in insurance, comorbidity, tumor characteristics, and treatment receipt to the black-white survival disparity among patients with CRC in 18-64 years old.
absolute difference in survival did not change after patient groups were matched for demographics, but decreased to 4.9% (47% relative decrease [4.3% of 9.2%]) when they were matched for insurance and to 2.3% when they were matched for tumor characteristics (26% relative decrease [2.4% of 9.2%]). Further matching by treatment did not reduce the difference in 5-year survival between black and white patients. In proportional hazards model, insurance and tumor characteristics matching accounted for the 54% and 27% excess risk of death in black patients, respectively.
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in both men and women in the United Sates. 1 Although overall CRC incidence and mortality rates are decreasing in the United States, 2 rates are increasing in the younger population. 3 Notwithstanding these patterns, CRC incidence and mortality rates continue to be higher in blacks than in whites. 4, 5 Multiple factors have been proposed as potential contributors to CRC racial survival disparity, including differences in age composition, [6] [7] [8] [9] [10] [11] stage, [11] [12] [13] [14] [15] grade, 6, 15, 16 tumor location, 8, 9, 17 comorbidities, 15, 18 provider characteristics, 19 socioeconomic factors, 16, 18, [20] [21] [22] and treatment receipt. 11, 18, 23 Two recent studies reported that black-white differences in receipt of treatment contributed to only 0.1%-0.6% of the 8.3%-9.9% of the absolute black-white survival disparity among patients with colon cancer aged 65 years and older, 12, 15 but these patients have relatively uniform health insurance coverage through Medicare. In this paper, we focus on the impact of access to care on black-white survival disparity by extending these analyses to black and white patients with CRC aged 18-64 years old, who have less uniform insurance status. Specifically, we estimate the contribution of difference in insurance coverage to the racial overall survival disparity, as well as the sequential contributions of differences in tumor characteristics and treatment receipt to the survival disparity.
Methods

Data Source and Patient Cohorts
We used data from the National Cancer Data Base (NCDB). The NCDB is a national hospital-based cancer registry database jointly sponsored by the American College of Surgeons and the American Cancer Society, which captures approximately 70% of newly diagnosed cancer cases in the U.S. 24 We included patients diagnosed between 2004-2012 with single or first primary, invasive cancer at the primary site of colon and rectum (C18.0, C18.2-C18.9, C19.9, C20.9), treated at the reporting facility, histology codes (International  Classification of Diseases for Oncology, 3 25 We sequentially added variables to generate a propensity score for each patient; here, the score predicts the probability that the patient is black, accounting for differences in covariates. The propensity scores were then used as a single scalar variable to match black and white patients using Greedy matching algorithm (Supplementary Material), 15, 26 as a method to adjust or account for the variables used in calculating the score. 27 We added variables as follows: we first used (1) . We compared results from these sequential analyses to estimate the contribution of each factor or set of factors to the overall survival disparity between black and white CRC patients. In the propensity score, we included insurance status immediately after demographics because insurance affects survival through early stage at diagnosis and receipt of treatment, as well as through the number and severity of comorbidities.
Outcomes of Interest
Our main outcome of interest was overall 5-year survival probability. Follow-up time for calculating survival probability was from date of diagnosis until end-of-study date (December 31, 2013), last contact date, or death, whichever occurred first.
Independent Variables of Interest
Race/ethnicity was our primary independent variable of interest and categorized as NH white (white) and NH black (black) based on information reported by the patient and captured in the medical records. Further, we categorized whites into five partially overlapping subgroups by sequentially matching whites with blacks using propensity scores that were calculated after accounting for demographic characteristics, insurance status, comorbidity score, tumor characteristics, and treatment receipt. Other independent variables of interest include receipt of surgery, chemotherapy, and radiation therapy, and each was categorized into "no" or "yes" per receipt of treatment information.
Control Variables
Variables used in the demographic match were categorized as follows: age (18-39, 40-49, 50-64) , gender (male, female), diagnosis year (2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012) , US census division (New England, Middle Atlantic, South Atlantic, East North Central, East South Central, West North Central, West South Central, Mountain, Pacific) defined by location of reporting facility. Insurance status was categorized as uninsured, Medicaid, Medicare, or private. Comorbidity score was categorized as a score of 0, 1, or ≥ 2 based on the sum of weighted Charlson-Deyo Score. 28 Tumor characteristics included were: grade (well differentiated, moderately differentiated, poorly differentiated, undifferentiated, missing), stage (I, II, III, IV), tumor location (right colon, transverse colon, left colon, unspecified colon, rectum), node status (positive, negative, not examined), and surgical margin (negative, positive, unknown/other). Treatment variables were categorized as: surgery (no, yes), distant site surgery (none, other site, distant site, missing/unknown), radiation (no, yes), and chemotherapy (no, yes). Facility case volume was categorized into tertiles of low, medium, or high based on the rank of each facility's total number of CRC cases treated during the study period.
Statistical Analysis
We conducted descriptive analyses for characteristics of black and five sequentially matched subgroups of white CRC patients in the National Cancer Data Base. The subgroups of whites partially overlap with one another. We also calculated 5-year overall survival probabilities for blacks and five sequentially matched partially overlapping subgroups of whites using Kaplan-Meier method. We complemented these survival analyses with Cox proportional hazards models to generate hazard ratios (HR) of 5-year all-cause mortality for blacks compared with the entire population of whites and with each of the five partially overlapping subgroups of whites that were sequentially matched with blacks by propensity scores. In addition, we performed similar analyses stratified by stage and tumor location.
We conducted a sensitivity analysis to determine black-white 5-year survival differences for the treatment-matched subgroup when stratified by facility case volume. We also performed a sensitivity analysis to estimate the black-white 5-year survival differences by restricting anslysis to patients diagnosed between 2004-2008. Furthermore, we conducted a supplementary analysis to estimate the individual contribution of each of the five sets of factors to the survival disparity without sequential matching. Our study received exempt status from the Institutional Review Board of the Morehouse School of Medicine, Atlanta, GA. Statistical significance was determined based on the two-sided P value < 0.05. All statistical analyses were conducted using SAS software (version 9.4; SAS Institute, Cary, NC).
Results
There were 199,098 CRC patients aged 18 to 64 years old (16.7% NH blacks, 83.3% NH whites) in the study cohort. Black CRC patients were more likely to be younger (aged < 50 years, 28.1% vs 26.2%), female (49.7% versus 42.9%), and reside in the South Atlantic division (38.9% vs 22.4%) compared with white CRC patients ( Table 1) . Blacks were also more likely to present with stage IV disease (27.6% vs 22.6%), right-sided colon cancer (33.3% vs 24.1%), and comorbidity score ≥ 2 (7.3% vs 4.9%). Demographic matching did not change black-white differences in tumor characteristics, but further matching by insurance status reduced the black/white difference in proportion of metastatic CRC by 2.2% in absolute terms and by 41.5% in relative terms.
Treatment Outcomes
In the unmatched entire cohort, blacks had lower receipt of chemotherapy (59.1% vs 62.6%), radiation treatment (17.1% vs 24.9%) and surgery (only for rectal cancer [83.5% vs 88.8% for stage I and 35.3% vs 43.8% for stage IV]) compared with whites (Table 1 and  Supplementary Table 2 ). These differences in receipt of treatment were not affected by demographic matching, but were affected by insurance matching for receipt of rectal cancer surgery (reduced difference by 33% in relative terms) and by tumor characteristics matching for receipt of radiation and of chemotherapy (reduced difference by 89% and 37% in relative terms, respectively).
Survival Outcomes
The absolute 5-year survival difference between black and white CRC patients in the unmatched entire cohort was 9.2% (57.3% vs 66.5%) ( Table 2 and Figure 2 ). The absolute survival difference remained unchanged after demographic matching but decreased to 4.9% after insurance matching, to 4.7% after comorbidity matching, and to 2.3% after tumor characteristics matching; there was no further reduction after subsequent treament matching.
In stratified analyses, the absolute survival difference between black and white CRC patients ranged from 3.8% in stage I patients to 8.5% in stage III patients, and from 5.3% for right colon cancer patients to 11.5% for rectal cancer patients (Supplementary Table 3 ). Similar to the overall analysis, matching by demographics did not substantially alter the absolute survival difference between blacks and whites for any of the stages or anatomic subsites. Likewise, subsequent matching by insurance substantially reduced the absolute survival difference for all categories, especially among stage II patients (from 5.5% to 1.9%) and among right colon cancer patients (from 5.4% to 3.5%).
In the proportional hazards model, overall blacks had a 40% (HR, 1.40; 95% confidence interval [CI], 1.37-1.43) excess risk of all-cause mortality compared with unmatched whites (Table 3 and Figure 3 ). The excess risk was reduced to 19% (HR, 1.19; 95% CI, 1.16-1.22) after insurance matching, to 18% (HR, 1.18; 95% CI, 1.15-1.21) after comorbidity matching, to 7% (HR, 1.07; 95% CI, 1.04-1.10) after tumor characteristics matching, and to 6% (HR, 1.06; 95% CI, 1.03-1.09) after treatment matching.
In the stratified analyses, the excess risk of deaths in black patients in the umatched cohort ranged from 24% (HR, 1.24; 95% CI, 1.21-1.27) among stage IV patients to 47% (HR, 1.47; 95% CI, 1.35-1.59) among stage I patients, and from 18% (HR, 1.18; 95% CI, 1.14-1.23) among right colon cancer patients to 55% (HR, 1.55; 95% CI, 1.49-1.61) among rectal cancer patients (Table 3) . Matching by insurance and tumor characteristics substantially reduced the excess risk of deaths in blacks in all stage and tumor location categories although the contributions were larger for insurance. Further matching by treatment substantially reduced the excess risk of death in blacks among rectal cancer patients but not among patients with other tumor locations (Table 3) .
In a sensitivity five-year survival analysis restricted to patients diagnosed between 2004-2008, we found that the absolute overall survival difference between blacks and whites (Supplementary Table 4 ) was similar to those from our main analysis. In another sensitivity analysis, stratifying treatment-matched subgroup by facility case volume did not change the black/white 5-year survival differences (Supplementary Table 5 ).
In the supplementary analysis to estimate the individual contribution of each of the five sets of factors to the survival disparity without sequential matching, insurance coverage alone accounted for the largest overall black-white survival disparity (50%), closely followed by tumor characteristics alone (49%), followed by treatment receipt alone (20%), and comorbidity alone (5%) (Supplementary Table 6 ; percentages are not necessarily additive to 100%).
Discussion
In a large nationwide oncologic outcomes database, we showed that differences in health insurance coverage accounted for nearly one-half and differences in tumor characteristics accounted for approximately a quarter of the black-white survival disparity in CRC patients aged 18-64 years old. These findings reinforce the importance of equitable access to care to mitigate the survival disparity between black and white CRC patients in this age range, and underscore the need for further studies to elucidate reasons for racial differences in tumor characteristics.
Several previous studies demonstrated significant disparities in cancer stage at diagnosis and survival for major cancers by insurance status. 29, 30 For instance, Halpern et al reported that uninsured or Medicaid-insured patients had two-fold higher odds of being diagnosed with advanced-stage CRC compared with privately insured patients. 29 Certainly, lack of health insurance coverage for patients could greatly impact access to timely diagnosis and treatment, 30 with lower receipt of screening tests and follow-up for abnormal test results. 31 Compared with privately-insured patients, uninsured patients were less likely to have a primary source of care for preventive services, more likely to be diagnosed with advanced stage diseases, less likely to receive standard of care, and more likely to die of their diseases. 29, 30, 32 A recent study reported a narrowing of the black-white disparity in insurance coverage following the implementation of the Affordable Care Act (ACA), 33 and whether this leads to reducing black-white CRC survival disparity remains to be seen.
Our findings of the contribution of black-white differences in tumor characteristics to the racial survival disparity among CRC patients are in line with previous studies, 12, 15, 34 although in relative terms the contribution in our study is much lower compared to those from two recent studies of elderly (≥ 65 years) colon cancer patients (40%-50% in those two studies compared to 26% in our study). 12, 15 In addition to differences in age (≥ 65 years vs 18-64 years old patients), our study differs from those of Lai et al 12 and Silber et al 15 in some other important ways. For example, Lai et al 12 and Silber et al 15 did not account for insurance coverage, possibly because of the nearly universal health insurance coverage of elderly patients through Medicare, nor did they adjust for differences in primary tumor location despite the fact that blacks are known to have a higher proportion of right-sided colon tumors (which have less favorable outcomes) compared to whites. 35 Because of the higher risk of right-sided colon cancer in younger blacks, the American College of Gastroenterology's Committee of Minority Affairs and Cultural Diversity recently recommended CRC screening to start at age 45 years instead of 50 years in blacks and to use colonoscopy instead of sigmoidoscopy. 36 In the stratified analysis, accounting for insurance coverage difference substantially reduced the black-white survival disparities across disease stages and tumor locations, reflecting the importance of insurance coverage to earlier diagnosis and/or receipt of timely and high quality treatment. Several previous studies documented black-white disparity in receipt of screening and adjuvant therapy for CRC. 6, 37, 38 Our findings of large differences in receipt of surgical resection in black versus white patients with stage I and stage IV rectal cancer, despite accounting for differences in insurance and tumor stage, were in agreement with previous studies. 18 Reasons for these differences may reflect differences in access to surgeons, high volume hospitals, or patient/ physician preferences . 22, 39, 40 Several studies showed that blacks were more likely to reside in counties with lower availability of colorectal surgeons, 40 or receive treatment in low volume hospitals, 41 although a sensitivity analysis stratifying by hospital volume did not alter our results. Likewise, a number of studies have documented lower awareness about medical procedures and higher refusal of invasive procedures such as proctocolectomy and other forms of treatment in blacks compared with whites. 39 Although we matched blacks with partially overlapping subgroups of whites by demographic characteristics, insurance status, comorbidity status, tumor characteristics, and treatment, approximately 25% of the black-white total survival difference (2.3% of 9.2%) among the unmatched CRC patients remains unexplained. Factors that were not considered in our study and that may contribute to the unexplained racial survival disparity include differences in completion of treatment, quality of treatment, response to treatment, adverse events, socioeconomic indicators other than insurance, and prognostic biological characteristics. 22, [42] [43] [44] [45] [46] For example, Carethers et al 43 found that microsatellite instability of CRC (a marker of favorable prognosis) was twice as common in white patients (14%) as in black patients (7%). However, the upstream factors that contribute to such molecular tumor differences require more research.
A strength of our study is the use of large nationwide oncologic outcomes database for patients to estimate the contribution of demographic characteristics, insurance coverage, comorbidity score, tumor characteristics, and treatment to the overall survival disparity between black and white CRC patients aged 18-64 years old using a sequential matching method. However, there are several limitations in our study. First, there could be ascertainment errors and differences between patients included versus excluded in the analysis. However, data collection in the NCDB was highly standardized and performed by certified tumor registrars, 25 and the demographic and clinical characteristics of patients were generally similar between included and excluded patients though with some differences in tumor characteristics, and comorbidity (data not shown). Second, we matched by broad age groups and stage categories rather than single age interval and stage subcategories. Third, we were also unable to account for differences in other barriers of access to care besides insurance coverage, including copayments, geographic availability of providers, and inability to take time off from work for healthcare services. Fourth, the relationship between access to medical care, insurance coverage, comorbidity, and tumor characteristics may be complex and interpretations of our findings could be affected by this somewhat. Fifth, except for radiation, the NCDB collects data on initiation of treatment, but not dose or completion of treatment. Finally, the NCDB is a hospital-based registry rather than population-based cancer registry and findings may not be generalizable to all U.S. patients. However, sociodemographic and clinical characteristics of patients and survival outcomes in the NCDB for common cancers including CRC were comparable with those of the National Cancer Institute's population-based Surveillance Epidemiology and End Results (SEER) data. 47, 48 For example, the 5-year overall survival for white and black 18-64 years old CRC patients diagnosed from 2004-2008 in the SEER database were 65.1% and 53.2%, respectively, which are comparable to our findings based on the NCDB (66.5% vs 57.3%). 49 We also note that we did not study those 65 years of age and older, in part allowing us to better investigate the role of variations in access to care. However, further study of these older age groups may be useful as well.
Conclusion
Health insurance coverage differences accounted for nearly one-half of the black-white survival disparity in 18-64 years old CRC patients, whereas tumor characteristics explained a quarter of the disparity. Our findings reinforce the importance of equitable health insurance coverage to mitigate the black-white survival disparity in 18-64 years old CRC patients. Future research should explore the biological mechanisms for the differences in tumor characteristics and implications for treatment.
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